ABSTRACT Na-butyrate was studied as a candidate food additive in artifi cial milk replacer, which may potentially replace the use of feed antibiotics in the preruminant calf. The results of two experiments employing Na-butyrate are shown. Supplementation of milk replacer with Na-butyrate increased pancreatic exocrine secretion, probably due to stimulation of secretagogue gut regulatory peptides, which in turn resulted in better digestion effi ciency and enhanced animal's growth. The carcass weight was also increased. Finally, Na-butyrate may be a good candidate to replace antibiotics as growth promotors in artifi cial milk replacers but more studies are necessary to explain the mechanisms involved.
INTRODUCTION
The Na-butyrate molecule is a sodium salt of butyric acid, one of the shortchain fatty acid (SCFA) family. Butyric acid is a main end product of anaerobic bacterial fermentation of carbohydrates in the rumen of ruminant species and in the colon of omnivorous species including humans. Now, a lot of attention is paid to its anticancerous properties in human nutrition, much more in comparison with its growth inducing effects in the gastrointestinal mucosa (Pouillart, 1998) . Nevertheless, several studies have shown its important role in growth stimulation, and Na-butyrate is often used instead of butyric acid, since it is solid, stabile and much less odorous. Na-butyrate increased the protein synthesis (Kruh, 1982) and reduced apoptosis in the bovine rumen (Mentschel et al., 2001) , and in the large intestine in pig and guinea pig (Hass et al., 1997) . Butyrate supplementation increased the villi lenght, crypt depth and the mitotic index in the gut (Galfi and Bokori, 1990; Kotunia et al., 2004) .
In the in vitro studies with pancreatic lobuli preparations, Na-butyrate administration resulted in enhanced amylase release in the goat and sheep preparations (Harada and Kato, 1983) . Intravenous injection (in anaesthetized pigs and calves or in conscious guinea pigs) and intra-duodenal perfusion (in rats) of Na-butyrate stimulated pancreatic secretion (Demol and Sarles, 1978; Harada and Kato, 1983; Kato et al., 1989; Katoh and Yajima, 1989) . Feeding a diet enriched in butyrate, resulted in increased enzyme activities in the small intestinal mucosa (Galfi et al., 1993) . Moreover, in rats, Na-butyrate infusion into the lumen of the large intestine stimulated the mucin secretion (Barcelo et al., 2000) . Finally, it was shown that Na-Butyrate is implicated in gene expression (Tsubaki et al., 2001; Böker et al., 2003) .
From these reports, we hypothesized that Na-butyrate could act like a growth factor in the gastrointestinal tract. In the present studies, we assessed the effects of Na-butyrate used as an additive in the diet on growth performance, digestibility of nutrients and pancreatic secretion in the preruminant calf.
MATERIAL AND METHODS
Two experiments were performed. In experiment 1, 44 preruminant calves were divided in 2 groups from 8 d of age until slaughter at d 145. The two groups successively received three diets: from d 8 to d 43 a "start diet" without skim milk powder (SMP) (4,000 kcal/kg, 20.5, 18,0 and 7.50% for nitrogenous matters, fats and minerals, respectively, on a dry matter (DM) basis), from d 44 to d 50 a "growth diet" (5.000 kcal, 21.5, 20.5 and 6.0% are the corresponding values) and fi nally, from d 51 until slaughter, a mixture of the "growth diet" and another diet without SMP (4.320 kcal, 8.0, 13.5 and 6.0% are the corresponding values). During the whole experiment, the fi rst group was used as control group (C group) and fed the 3 milk replacers supplemented with fl avomycin, whereas the second group (B group) was used as treatment group and fed the same 3 milk replacers but with Na-butyrate (3% on DM basis) instead of fl avomycin. A standard feeding schedule was applied for both groups and the calves were fed twice daily at 08.30 and 16.30 h.
In experiment 2, four calves older than 30 d were used, since the digestive processes develop intensely during the fi rst month of life. The calves were fi tted with two permanent catheters inserted into the accessory pancreatic duct and duodenum under halothane anaesthesia (Le Dréan et al., 1997) . The animals were fed a milk replacer based on SMP and tallow (240 g crude protein, 200 g fat, 447 g lactose, 39 g starch, and 74 g ash per kg DM). They were fed twice daily at 08.30 and 16.30 h. The DM intake was 66 g per kg metabolic body weight (BW 0.75 ). The calves received the milk replacer containing bacitracin as an antibacterial growth promoter. Calves were placed in metabolic crates to measure nutrient digestibility during a 4-d period before the surgery (P0), and after their recovery during the 3 consecutive 4-d periods (P1 with milk replacer alone; C-diet), then P2 and P3 with the milk replacer supplemented with Na-butyrate (3% on DM basis; B-diet). The pure pancreatic juice was collected during each period after the surgery, measured for volume, and 92% of the secretion was continuously re-infused into the duodenum. The remaining 8% was pooled to have a representative sample of the juice secreted during the whole day, and it was analysed for total protein and trypsin (Le Dréan et al., 1997) .
RESULTS AND DISCUSSION
In the two experiments, the calves had no health problems. The refused quantities of feed were low and there was no difference between the 2 diets. During the entire experiment 1, total DM intake was similar for both groups (256.5 kg). The BW gain was the same in the C and B groups until 35 d of age. From d 35 and until slaughter, BW gain was higher in B than in C group (P<0.05), and feed effi ciency was improved (1.82 vs 1.72 kg BW gain/kg DM; P<0.05). Thus, BW measured at the end of the study was 195.1 and 200.5 kg in the C and B group (P<0.05), respectively. At slaughter, the carcass weight was 5.2 kg higher in the B group compared to the C group (P<0.05). Thus, animal performance was improved when antibiotic was replaced by Na-butyrate.
In experiment 2, the apparent faecal nutrient digestibility was not modifi ed by surgery for all the nutrients studied, but it was largely improved for the B-diet in comparison to the C-diet. For the B-and C-diet the values were: 0.929 vs 0.915 (P<0.05) for DM and 0.868 vs 0.840 (P=0.07) for nitrogen, respectively. In the same way, pancreatic secretions were increased with the B-diet by 25.5% for juice volume (10.8 vs 8.6 g/kg BW; P=0.15) and by 38% for trypsin activity (106 vs 77 IU/d/kg BW; P<0.05). The later results correspond with an increase in circulating plasma gastrin and cholecystokinin (data not shown), and could explain, at least in part, the improvement of digestibility as it was reported by Guilloteau et al. (1999) and Guilloteau and Zabielski (2004) . The enhanced digestibility seen in the "laboratory" experiment 2 can be explained by increased secretion of pancreatic juice. Taken together the results help to explain the benefi cial results obtained in the "fi eld" experiment 1.
CONCLUSIONS
In the present experiments with calves, administration of Na-butyrate as a feed additive in the diet seems to act as a growth promoter in preruminant calves by increasing the effi cacy of digestion. Finally, it is suggested that Na-butyrate can be a good candidate molecule to replace antibiotics as growth promoters in milk replacers. More studies are necessary to explain the mechanisms involved.
